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In high-income countries, preoperative anaemia has been associated with increased postoperative morbidity and mortality. [1] Preoperative anaemia is a common problem, with three large database studies in Europe and America estimating the prevalence to be between 25% and 30%. [2] [3] [4] Anaemia is also associated with increased perioperative blood transfusions, a practice independently associated with morbidity and mortality. [5] Growing evidence supports increasingly restrictive transfusion strategies in surgical and critical care patients, and as a result allogeneic transfusions can no longer be considered an appropriate isolated management strategy for surgical patients with preoperative anaemia. [6, 7] Furthermore, the demographics of the South African (SA) surgical population differ significantly from those of the populations in which the morbidity associated with preoperative anaemia has been described. SA non-cardiac surgical patients are younger, have fewer non-communicable diseases, and undergo significantly more urgent and emergency RESEARCH procedures than their European counterparts. [8] The prevalence of preoperative anaemia and the associated postoperative outcomes in SA patients may therefore differ from those described in the published international literature.
In SA's resource-restricted setting, it is imperative to prioritise simple interventions that are likely to be associated with improved patient outcomes. Should preoperative anaemia be independently associated with postoperative morbidity and mortality, correction of preoperative anaemia may be a simple intervention to improve surgical outcomes.
Objectives
The primary objective was to determine the association between preoperative anaemia and in-hospital mortality in SA adult noncardiac, non-obstetric surgical patients. Secondary objectives were to describe the prevalence of preoperative anaemia in adult SA surgical patients, and to determine the association between preoperative anaemia and (i) length of postoperative hospital stay and (ii) admission to critical care units.
Methods
This study was a secondary analysis of the South African Surgical Outcomes Study (SASOS) (University of Cape Town Human Research Ethics Committee ref. no. HREC R010/2014).
Setting
SASOS was a 7-day national multicentre prospective observational cohort study. Patients aged >16 years undergoing inpatient non-cardiac, non-obstetric surgery between 07h00 on 19 May and 06h59 on 26 May 2014 in 50 participating government-funded hospitals across all nine provinces of SA were recruited into the study. Exclusions were planned day-case surgery and radiological procedures not requiring anaesthesia. Patients aged <18 years attending hospitals associated with the University of the Witwatersrand were excluded from the study because they were deemed unable to give consent. In total, 3 927 patients from 45 hospitals were included in the study. The data collected included patient demographics and comorbidities, selected preoperative blood tests (including haemoglobin concentration (Hb)), the urgency of the surgery, the surgical specialty and the anaesthetic technique. Details of the study design and procedures have been described in the primary article. [8] The primary outcome was in-hospital mortality, which was censored at 30 days for patients who were still in hospital. Data on length of stay and critical care admission were also collected. The independent risk predictors for mortality identified in SASOS were age (years), American Society of Anesthesiologists (ASA) classification ≥2, major surgery, urgent or emergency surgery, infection or injury as an indication for surgery, upper gastrointestinal tract (GIT) surgery, and the comorbidities of stroke or transient ischaemic attack and metastatic cancer.
The independent risk predictors for critical care admission were ASA classification ≥2, intermediate or major surgery, urgent or emergency surgery, injury as an indication for surgery, upper GIT surgery, head and neck surgery, neurosurgery and thoracic surgery.
Definitions
The last recorded Hb prior to surgery was recorded as the preoperative Hb. Anaemia and its subclassifications were defined as Hb <13 g/dL in males (mild 11 -12.9, moderate 8 -10.9, severe <8) and <12 g/dL in non-pregnant females (mild 11 -11.9, moderate 8 -10.9, severe <8), according to the World Health Organization sex-based criteria. [9] Statistical analysis Categorical variables were described as proportions and compared using χ 2 tests, Pearson's χ 2 tests and Fisher's exact tests. The continuous variables age (years), Hb (g/dL) and length of hospital stay (days) were described as means and standard deviations if normally distributed or as medians and interquartile ranges (IQRs) if not.
A multivariate logistic regression analysis was performed to determine the association between preoperative anaemia and in-hospital mortality or critical care admission. Two analyses were conducted for each outcome: (i) anaemia entered as a binary variable; and (ii) anaemia entered as mild, moderate or severe categorical data. To determine whether preoperative anaemia was independently associated with mortality or critical care admission, we forced all the independent risk factors of mortality and critical care admission identified in the primary SASOS analysis [8] into the respective anaemia models. A post hoc multivariate analysis for the independent predictors of anaemia in SASOS was conducted. To determine the optimal Hb cut-point for anaemia associated with mortality, a receiver operating characteristic (ROC) curve was generated.
Univariate and multivariate statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 23 (SPSS Inc., USA).
Results
The study recruitment is shown in Fig. 1 . Preoperative haemo globin data were available for 3 610/3 927 (91.9%) of the SASOS patients. The patient characteristics are shown in Table 1 . The prevalence of preoperative anaemia was 1 725/3 610 (47.8%), with 711 patients (19.7%) presenting with mild anaemia, 863 (23.9%) with moderate anaemia and 151 (4.2%) with severe anaemia.
In univariate analysis there was a significant association between preoperative anaemia and female gender, an ASA classification of ≥3, congestive heart failure, insulin-dependent diabetes, metastatic cancer, HIV/AIDS, urgent or emergency surgery, and gynaecological and vascular surgery.
Preoperative anaemia, in-hospital mortality and critical care admission
The incidence of mortality associated with anaemia is shown in Table 2 . Anaemic patients were significantly less likely than those who were not anaemic to survive to hospital discharge.
Missing preoperative Hb values n=317
Patients from SASOS database N=3 927
Included in analysis n=3 610 
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The risk factors independently associated with mortality and critical care admission in SASOS are shown in Tables 3 and 4 , respectively. Anaemia was independently associated with mortality (odds ratio (OR) 1.657, 95% confidence interval (CI) 1.055 -2.602; p=0.028) and critical care admission (OR 1.487, 95% CI 1.081 -2.046; p=0.015) in the presence of all the independent predictors of mortality and critical care admission derived in the original SASOS model. [8] All the original independent predictors for mortality and critical care admission remained in the models when anaemia was forced into the model, with the exception of a history of stroke in the mortality model. Fig. 2 shows the ROC curve for anaemia and survival to hospital discharge. The optimal Hb cut-point was 10.95 g/dL, with an area under the curve of 0.662 CI (0.608 -0.716).
Preoperative anaemia and length of hospital stay
Patients with preoperative anaemia remained in hospital significantly longer than those with a normal preoperative Hb (median 4 days (IQR 1 -10) v. 2.5 days (IQR 1 -5), respectively) (p<0.001). 
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Predictors of anaemia
There was an independent association between preoperative anaemia and ASA classification of 3 and 4, insulin-dependent diabetes, metastatic cancer, HIV, and urgent and emergency surgery (Table 5 ).
Discussion
Statement of principal findings
The study showed a high prevalence of preoperative anaemia (47.8%) in SA patients presenting for non-cardiac and non-obstetric surgery. Preoperative anaemia was independently associated with in-hospital mortality, increased admission to critical care units and a longer hospital stay.
Context
Our study findings of an association between preoperative anaemia and postoperative mortality are in keeping with similar large studies of the American College of Surgeons National Surgical Quality Improvement Program database (ACS NSQIP) and the European Surgical Outcomes Study (EuSOS) database. [2] [3] [4] However, our study presents data from a middle-income country, while the others present data from predominantly high-income countries. Furthermore, it was observed that the burden of comorbidities in SASOS was significantly lower than that reported in EuSOS. [4, 8] A higher prevalence of anaemia, but with fewer comorbidities, suggests that a nutritional iron deficiency anaemia may be a proportionately larger contributor to the aetiology of anaemia in SA than in the other studies. It is therefore possible that a larger proportion of preoperative anaemia may be reversible in SA compared with other published cohorts. This is important in view of the fact that preoperative anaemia is associated with significant perioperative morbidity and mortality.
Internationally, increasing awareness of the risks and expenses associated with allogeneic blood transfusions has resulted in a shift of focus from transfusion as a treatment for perioperative anaemia to a more holistic patient blood management (PBM) strategy. [10] PBM is an evidence-based approach that aims to identify and address the three pillars of haematological risk that face surgical patients (ii) minimisation of perioperative blood loss; and (iii) management of postoperative anaemia by optimising the patient's physiological reserve together with the adoption of restrictive haemoglobin transfusion triggers. [11, 12] This approach has been associated with a reduction in: (i) perioperative morbidity and mortality; (ii) perioperative blood loss and transfusions; (iii) length of hospital stay; and (iv) costs. [13] Indeed, in recognition of these benefits, in 2010 the World Health Assembly urged member states to promote PBM as a transfusion alternative where appropriate. [14] Our study suggests that preoperative anaemia is common in SA, and it provides impetus to actively adopt a PBM approach in SA. We believe that this has the potential to improve surgical outcomes in this country. Future local research should attempt to determine the types of preoperative anaemia and appropriate treatment regimens.
Study strengths and weaknesses
A major strength of this study is that it was possible to control for other independent predictors of mortality and critical care admission using the full SASOS data set. The finding that anaemia is associated with mortality and critical care admission in SA is therefore robust. A further strength is that this study included all the government-funded tertiary hospitals and 55.4% of the government-funded regional and tertiary hospitals in SA. [8] These data therefore have generalisability for these surgical populations in SA.
A potential weakness of the study is that surgical populations attending private hospitals were not included, and the results may therefore not be generalisable to this population. Similarly, government-funded district hospitals were poorly represented, and these data may therefore not be generalisable to these hospitals. However, the finding that anaemia is independently associated with perioperative mortality in SA is consistent with other surgical studies, [1] and would suggest that our data are probably generalisable to the entire SA surgical population.
Owing to the original study design, we could not distinguish acute from chronic anaemia. Acute anaemia is associated with morbidity, and chronic anaemia negatively affects the outcome associated with acute anaemia. While emergency surgery was independently associated with anaemia, injury as an indication for surgery was RESEARCH not. We therefore conclude that it is unlikely that the entire signal of morbidity and mortality associated with anaemia in this study was due to acute anaemia. We could also not control for perioperative blood transfusions. It is likely, however, that blood administration and anaemia are both independently associated with postoperative mortality, [15] and we therefore believe that this weakness should not compromise the interpretation of our findings. Furthermore, it is also possible that the prevalence and severity of preoperative anaemia may have been underestimated in this study, owing to preoperative transfusions.
A major limitation of this work is the potential role of multiple testing on the significance of these findings, as this is a secondary analysis of the SASOS dataset. Should one correct for a second analysis for mortality and a second analysis for critical care admission, an adjusted two-sided significance level of 0.05/2 = 0.025 could be considered appropriate. If one applies this approach, anaemia remains independently associated with critical care admission but not mortality. For these reasons, the data presented here should be considered hypothesis generating at best.
Conclusions
SA patients have a higher prevalence of preoperative anaemia than reported in other international cohorts, and this is associated with surgical mortality. Simply transfusing patients perioperatively can no longer be considered an acceptable solution, owing to the morbidity associated with blood transfusion. Education and institution of PBM programmes in SA are important to reduce the morbidity and mortality associated with preoperative anaemia.
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